[1] Static offsets produced by the February 27, 2010 M w = 8.8 Maule, Chile earthquake as measured by GPS and InSAR constrain coseismic slip along a section of the Andean megathrust of dimensions 650 km (in length) × 180 km (in width). GPS data have been collected from both campaign and continuous sites sampling both the near-field and far field. ALOS/PALSAR data from several ascending and descending tracks constrain the near-field crustal deformation. Inversions of the geodetic data for distributed slip on the megathrust reveal a pronounced slip maximum of order 15 m at ∼15-25 km depth on the megathrust offshore Lloca, indicating that seismic slip was greatest north of the epicenter of the bilaterally propagating rupture. A secondary slip maximum appears at depth ∼25 km on the megathrust just west of Concepción. Coseismic slip is negligible below 35 km depth. Estimates of the seismic moment based on different datasets and modeling approaches vary from 1.8 to 2.6 × 10 22 N m. Our study is the first to model the static displacement field using a layered spherical Earth model, allowing us to incorporate both near-field and far-field static displacements in a consistent manner. The obtained seismic moment of 1. 97 × 10 22 N m, corresponding to a moment magnitude of 8.8, is similar to that obtained by previous seismic and geodetic inversions.
Introduction
[2] The February 27, 2010 Maule, Chile earthquake ruptured about 650 km of the Andean megathrust in a bilateral rupture with an epicenter about 60 km south of Constitución ( Figure 1 ). The relative motion between the Nazca and South American plates in this area is 63-68 mm/yr Vigny et al., 2009; Ruegg et al., 2009] . The interseismic geodetic velocity field measured prior to the earthquake is consistent with nearly 100% of the relative plate motion accumulating as elastic strain which would eventually be released seismically . Outstanding questions regarding the 2010 earthquake concern: (1) the overall seismic moment; (2) the amount of slip released compared with that thought to have accumulated since the last large subduction event in 1835; and (3) the post-earthquake relaxation to be anticipated following the 2010 event. In this study, we estimate the slip distribution using a combination of Interferometric Synthetic Aperture Radar (InSAR) data and Global Positioning System (GPS) data. These data span distances from a few km to several thousand km from the rupture. We use a layered spherical elastic structure to model the static displacement field, permitting us to use the nearfield and far field data in a consistent manner to constrain the coseismic slip distribution.
Data Set
[3] The observed GPS coseismic displacement field is shown in Figure 2 . It is a subset of 396 GPS displacement vectors obtained by processing of pre-event and post-event observations in the ITRF2005 reference frame [Altamimi et al., 2007] . This includes data from the International GPS Service (IGS) and CAP (Central Andes Project) Kendrick et al., 2003; Smalley et al., 2003] . We processed all available continuous GPS data in South America from 2007 through May 5, 2010 using GAMIT [King and Bock, 2005] with additional IGS sites included to provide regional reference frame stability. We defined a South American fixed reference frame, primarily from the Brazilian craton, to better than 2.4 mm/yr rms horizontal velocity by performing daily Helmert transformations for the network solutions and stacking in an ITRF2005 reference frame. With the resultant time series components we used a robust linear regression to fit a two-velocity (pre-and post-earthquake) and step (co-seismic displacements) model ( Figure S1 of the auxiliary material).
1 Errors were calculated using residual scatter values. Seventeen additional displacement vectors have been obtained through analysis of continuous sites installed under the framework of the Chilean-French cooperation, the international laboratory 'Montessus de Ballore. ' [4] The InSAR data consists of ascending and descending Advanced Land Observatory Satellite (ALOS) Phased Array type L-band Synthetic Aperture Radar (PALSAR) data provided by the Japan Aerospace Exploration Agency (JAXA). This consists of ascending interferograms (swath mode) along tracks T111, T113, T114, T117, T118, T119 and descending interferograms (a combination of ScanSAR to swath mode, ScanSAR to ScanSAR and swath mode interferograms) along tracks T422 and T420. Ascending data have satellite-ground vectors oriented approximately 37°from vertical and 16°counterclockwise from due East; descending data have satellite-ground vectors oriented approximately 37°from vertical and 164°counterclockwise from due East. The ALOS interferograms have been processed with the newly developed GMTSAR software at Scripps Institution of Oceanography to produce unwrapped, sampled, and GPScalibrated line-of-sight displacement (LOS) ( Figure S2 ). Additional details are provided in the auxiliary material of Tong et al. [2010] .
The 27 February 2010 Coseismic Slip Model
[5] The fault geometry is that of a single planar surface striking N17.5°E and dipping d toward the east, where d takes trial values between 14 and 20°. This geometry is based on the Global CMT solution and is similar to that adopted in recent seismic slip inversions. We fix the width of the fault projected to the surface to be 185 km. To allow for the possibility of slip extending to the transition zone, we put the lower edge of this plane at 185 km × tan d; this depth is 60.1 km for d = 18°. Distributed slip is represented with a distribution of continuous functions as employed by Pollitz et al. [1998] . These are Hermite-Gauss (HG) functions of position on the rectangular fault plane.
[6] Slip on the slab interface is related to static surface displacement using the source response functions calculated with the method of Pollitz [1996] . This yields theoretical displacements in a layered spherical geometry with a spherical harmonic expansion, and global Earth model PREM with isotropic elastic parameters, appended by the crustal structure of Bohm et al. [2002] , is used for this purpose.
[7] Green's functions for three-dimensional static displacement are evaluated for each HG component of slip on the fault plane ( Figure 2 ) comprising a portion of the megathrust of length 650 km, width W, dip d, strike N17.5°E, and rake 112°. The strike and rake correspond to the geometry of the Global CMT solution. We consider variable width and dip that covary such that W cos d = 185 km.
[8] GPS and InSAR data are inverted for distributed slip using weighted least squares. In the inversions each GPS datum is assigned its formal uncertainty, while each of the InSAR LOS measurement is assumed independent and identically distributed with a standard error of 150 mm. This serves to give the GPS and InSAR data roughly equal weight in the inversions. A small amount of damping of the squared gradient of the slip is used to regularize the inversion and determine the weighting coefficients of the HG functions [Pollitz et al., 1998 ]. Separate inversions are performed for a dataset consisting of (a) InSAR only, (b) GPS only, and (c) combined InSAR and GPS data. In the inversions with the combined datasets, the best overall fit is obtained with a dip value d = 18°( Figure S3 ). The resulting slip distributions are shown in Figure 3 . Figures 2 and S2 show the corresponding fits to the GPS and InSAR data, respectively, resulting from the joint InSAR/GPS inversion. The seismic moment is M 0 = 1.97 × 10 22 N m, corresponding to a moment magnitude of 8.83.
Discussion
[9] Horizontal GPS coseismic offsets are fit well at both near-field distance and far-field distance (the boxed regions in Figure 2 ), a result that is attributable to the use of a spherically-layered elastic structure in our model. Average residuals (including both North and East components) are 1.5 cm and 0.3 cm for the near-field and far-field GPS data, respectively. Average residuals for the ascending and descending InSAR LOS data are 9.9 cm and 8.3 cm, respectively.
[10] In all cases, the slip distribution exhibits a pronounced maximum ∼19 m at ∼15-25 km depth on the megathrust offshore Lloca (Figure 1) , and slip is generally confined to the upper 35 km of the interplate boundary. A secondary maximum of ∼9 meters is located about 250 km further south at depth ∼ 25 km on the megathrust west of Concepción. The GPS and InSAR datasets are highly complementary, the InSAR data providing better near-field coverage and the GPS data better far-field coverage. Nevertheless, the resulting slip distribution is determined primarily by InSAR. Inversion using only GPS (Figure 3b) does not localize the slip as effectively as the inversion with InSAR alone or both data types (Figures 3a and 3c) . Resolution of inverted slip is addressed by constructing synthetic data sets using input slip distributions (Figures S4a and S4c) and inverting them in the same manner as the actual data. The inverted slip distributions in Figures S4b and S4d show that average slip over all but the shallowest ∼15 km of the rupture plane may be adequately estimated. It also shows that any significant slip below ∼35 km depth, if it existed, would be imaged using the present dataset.
[11] Table S1 summarizes the results of several recent studies. Lay et al. [2010] derived slip distributions of the earthquake based on long-period seismic waveform data (P, SH, and short-arc Rayleigh waves) at periods up to ∼200 s. Delouis et al. [2010] derived a slip distribution using a combination of GPS, InSAR, seismic waveform data (P and SH waves) at periods ∼30 to 200 sec, including high-rate GPS data at regional distance. Tong et al.
[2010] derived a slip distribution using a GPS and InSAR data set similar to that presented here. Our slip distribution and those of Lay et al. et al. [2010] indicate that the seismic inversions are sensitive to the types of waveform data being included and the frequency band.
[12] The M 0 inferred here (1.97 × 10 22 N m) based on the static displacement field exceeds the GCMT estimate (1. 8 × 10 22 N m) [Ekström et al., 2005; Dziewonski et al., 1981] by about 10%, possibly because of early afterslip, which may have contributed up to an additional 26% to the seismic moment based on shorter period (<350 sec) seismic waves alone [Tanimoto and Ji, 2010] . Okal et al. [2010] , however, conclude that the normal mode data is consistent with the GCMT moment. Although the seismic moment remains to be reconciled between seismic and geodetic studies, both the seismic and geodetic data can be explained to a large extent using a slip-time function that is not unusually long, e.g., 120-150 s in Figure 4 of Lay et al. [2010] or Figure 3 of Delouis et al. [2010] .
[13] The 1.8 × 10 22 N m value obtained by both Delouis et al. [2010] and Tong et al. [2010] is about 10% lower than our estimated M 0 . Although those studies use a homogeneous half-space in modeling the geodetic data, inversion of the present dataset using a homogeneous sphere with shear modulus of 40 GPa (that used by Tong et al. [2010] ) slightly increases M 0 from 1.97 to 2.05 × 10 22 N m. Estimated M 0 based on the static displacement field is also sensitive to fault dip ( Figure S3 ). Inversion of the present dataset using a dip of 15°(that used by Tong et al. [2010] ) results in M 0 = 1.79 × 10 22 N m, in agreement with the above geodetic studies. Nevertheless, the inclusion of sphericity and layering is important. For example, the use of a homogeneous sphere in our modeling results in a slip distribution that is biased toward shallower depths (compare Figure 3 with Figure S5 ) and cannot simultaneously fit both near-field and far-field GPS data ( Figure S6 ).
[14] The area that ruptured in the earthquake coincides with a highly locked zone as inferred from pre-earthquake geodetic measurements Ruegg et al., 2009; Moreno et al., 2010] . The maximum and average slip on the megathrust shallower than 35 km are 18.8 and 6.8 m, respectively. These values may be compared with the amount of slip that has accumulated since the last major earthquake in 1835, which amounts to about 11-12 m assuming 100% interplate coupling and a 63-68 mm/yr relative plate motion. The exceedance of maximum slip (in the shallow portion of the megathrust north of the epicenter) over post-1835 accumulated slip may reflect relatively low slip in the 1835 event, so that the present slip distribution includes some slip accumulated prior to 1835. On the other hand, the preponderance of slip <8 m over most of the megathrust in the 2010 event, particularly in the 'Darwin gap' between ∼36°a nd 37.5°S, requires another mechanism for releasing the expected slip, such as slow slip event(s) between 1835 and 2010, or it may indicate a remaining slip deficit [Lorito et al., 2011] .
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